January 20, 2016
Project No. 9101110001

Ms. Carolyn d'Almeida
U.S. EPA Region IX

75 Hawthorne Street

San Francisco, CA 94105

wheeler

Subject: Response to U.S. Environmental Protection Agency (EPA) email on

Transition Criteria, dated 10 November 2015
Former Fuel Storage Area (ST012)
Former Williams Alr Force Base

Mesa, Arizona

Dear Carolyn,

Thank you for your email of 10 November 2015 with the attachment presenting EPA’s
assessment of whether the transition criteria have been met. As you know, the Air Force
reviewed these assessments and presented additional data concerning the status of the
transition criteria during the 23 November and 17 December 2015 BCT calls. The attached
document presents some of the same information in a comment response format.

Please contact me at (602) 733-6040 or Catherine Jerrard at (315) 356-0810, ext. 204 or
catherine jerrard@us.af.mil, if you have any questions regarding the responses provided.

Sincerely,

Amec Foster Wheeler Environment & Infrastructure, Inc.

- <
N _cd 8 >yl K

Donald R. Smallbeck

Principal Program Manager
Construction Remediation

Tel: 602-733-6040

Cell: 707-480-7212
Donald.Smallbeck@amecfw.com

4600 East Washington Street, Suite 600
Phoenix, Arizona 85034-1917

Tel: (602) 733-6000

Fax: (602) 733-6100
www.amecfw.com
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Responses to EPA email dated 10 November 2015
Transition Criteria

. Criteria for amount of steam to be injected:

Final RD/RAWP (May 2014): Table 4-2: SEE to EBR Transition Cnterla

FI8 RET G
s therms
rraaaling of

mm»eu iation pert
be as & guideln
axgapaned i ihe des

P S primary use will
THEIEATE [IOQIEEs

Bniwne

Talde 5-2 SEE to EBR Transition Criteria Mondtoring

fgu;de e
Birebmn -

Weekly progress report 11/6/15

Steam Injected Vs Projected

Analysis: Criteria for amount of steam injection has not been met. The design steam injection
rate was based on 1.6 pore volumes of steam injection, which is lower than the commonly used
criteria of 2 pore volumes of steam. The projected steam injection should be seen as a minimum
amount of steam fo be injected.

Response: The designed pore volume flushing estimate is a function of the contaminant to be
removed and the degree of tregtment required to do s0. More pore volume flushes are required
for less volatile contaminanis and for greater degrees of removal. This thermal remediation
project is different than many in that there is a foliow on remediation step (EBR). In addition, the
most prevalent COCs af the site (BTEX) are relatively volatile. For these reasons, @ 1.6 pore
volume flushing factor was selected as an appropriate design basis. The AF is in agreement
that additional steam injection is necessary given other remediation progress measurements,;
however, the 320 million pound tofal is a guideline in the RD/RAWPR and is not @ minimum
steam injection criteria.
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Responses to EPA email dated 10 November 2015
Transition Criteria

. Criteria for residual benzene concentrations:

Final RD/RAWP (May 2014): Table 4-2: SEE to EBR Transition Criteria
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Analysis: EPA considers 100 ug/l of benzene in groundwater an appropriate target for a
successful remediation, and would not support terminating steam treatment before the stated

tfarget (100 — 500 ug/l) is reached.
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Responses to EPA email dated 10 November 2015
Transition Criteria

Weekly progress report 11/6/15: LSZ
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Benzene Concentrations in LSZ Exceed 500 ug/L; Criteria has not been met for LSZ
Weekly progress report 11/6/15: UWBZ
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Benzene Concentrations in UWBZ exceed 500 ug/L; significant NAPL present, Criteria has
not been met for UWBZ

Page 4

ED_005025_00003524-00004



Responses to EPA email dated 10 November 2015
Transition Criteria

Weekly progress report 11/6/15: CZ
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Response: The established fargel in the RD/RAWE is 100 to 500 ug/l. As noted in Table 4-2 of
the RD/RAWPR, “This concentration range is predicted to achieve cleanup levels within the 20-
year remedial timeframe based on modeling of groundwater contaminant attenuation outside
the TTZs after active EBR.” In addition, the text in Table 4-2 states that benzene contributed
from the perimeter could mask the status of benzene removal within the TTZs. Remedial status
within the TTZs, as well as benzene and LNAPL contributions from the perimeter, are being
evaluated with jar testing and grab sampling from the extraction wells. This data is bsing
reported in the Weekly Status Reports and BCT meetings. Due to the perimeter masking
influence referred to in Table 4-2, it is likely that some areas within the TTZs will not achieve the
100-500 ug/L targst. Although EBR will be implemented fo focus on areas around and outside
the perimeter of the TTZs, the EBR injection strategy will result in elevated terminal electron
acceptor concentrations within the TTZs. This will enhance post SEE removal and allows for
higher initial benzene concentrations than the 100 fo 500 ug/L range within the TTZs while stilf
meeting the overall 20-vear timeframe. While the AF agrees that additional steam injection is
necessary given consideration of all remediation progress measurements, the progress and
evaluation of achieving the 100-500 ug/L target must be performed with consideration of the
perimeter benzene contributions that will ultimately be addressed by EBR.
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Responses to EPA email dated 10 November 2015
Transition Criteria

lll. Criteria for Mass Removal

Final RD/RAWP (May 2014): Table 4-2: SEE to EBR Transition Criteria
Tabie 5-2 SEE to EBR Transition Criteria Monitoring:
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Responses to EPA email dated 10 November 2015
Transition Criteria

11/6/15 Weekly Progress Report
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Figure 4. Daily Mass Removed

Analysis: Current LNAPL recovery is at 30% of peak removal rate; vapor recovery is 50% of
peak removal rate; Criteria for termination of steam injection has not been met. EPA considers
the criteria of 10% of the peak mass recovery to be high compared to the mass recovery rates
that have been used to support thermal treatment termination at other sites. We cannot support
termination of treatment when thousands of pounds of confaminant mass are being extracted
daily.

Response. Mass recovery rates used o support thermal treatment termination at other sites
may not be directly comparable depending on the circumstances of those sites. Specifically, this
site includes known NAPL mass outside of the TTZ and an active EBR phass planned for post-
SEE. This additional remedial step may not be consistent with designs at other sites. A target of
10% of peak mass removal is appropriate for ST012 because of the follow-on EBR planned.

As presented in the 23 November and 17 December BCT calls, peak mass removal occurred on
14 May at 22,506 pounds per day. Tolal mass removal (the RD/RAWE criterion} has dropped
significantly since the peak. Currently the total mass removal rate is ~20 to 40% of the peak with
an LNAPL removal increase following the recent coordinated depressurization in all three
zones. Mass recovery rates have fluctuated and were as low as about 12% in mid December
{updated graphs below):
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Responses to EPA email dated 10 November 2015
Transition Criteria

Daily Mass Removal Rate (INAPL and Vapor} Parcent of Peak Daily Mass Removal
Rate {LMAPL and Vapor)
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Responses to EPA email dated 10 November 2015
Transition Criteria

IV. Criteria for completion of pressure cycling:

Final RD/RAWP (May 2014) Table 4-2: SEE to EBR Transition Criteria
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Analysis: This criterion is nonspecific. The purpose of pressure cycling, and indicated in the
statements above is to enhance volatilization of contaminants. It is not intended to improve
mobilization and recovery of NAPL which may have been retarded by premature initiation of
pressure cycling. Ideally, the bulk of NAPL should be removed first before initiation of pressure
cycling as the finishing step. As long as NAPL is being recovered, steam injection should
continue, then institute pressure cycling to remove the last of the volatiles. It is unforfunate that
we did not discuss criteria for initiation of pressure cycling in the work plan.

Response: As indicated in the criteria description, the pressure cycling can be initiated once
TTZ temperatures have stabilized to enhance removal of volatile LNAPL constitusnts (i.e,,
benzene). This was the basis for the decision to initiate pressure cycling with less focus on
maximizing LNAPL removal. In addition, the expected perimeter contribution of LNAPL fimits the
validity of elimination of LNAPL removal as a criterion for initiating pressurs cycling. The design
of SEE and the decision to initiate pressure cycling was based on the achievement of
lemperatures and breakthrough of steam o exfraction wells. MPE well vapor moniforing
temperatures, TMFP data, estimated formation water temperatures were all considered. Initiation
of pressure cycling was reviewed on a BCT call on 27 May 2015 prior to initiation and again at
the 24 June 2015 BCT meeting prior to expansion beyond the northern portion of the UWBZ. It
has been discussed at each BCT call/mesting since.
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Responses to EPA email dated 10 November 2015
Transition Criteria

October BCT Presentation Slide 30
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NAPL Recovery was increasing up until the time pressure cycling was imitated. Did
decline in recovery rate occur because pressure cycling was initiated early? Consider

the analogy of liquid recovery with pressure cycling similar to turning spigot of garden
hose on and off....

Response: The peak NAPL removal cccurred in early lo mid-May. This coincided with the
sstablishment of steam breakthrough at several wells. In the last two weeks of May and first
week of June, NAPL removal was reduced from the peak. Depressurization cycles were initiated
in the UWBZ and LSZ in early- and mid-June and the NAPL removal increased again
immediately following the LSZ depressurization. These data would indicate the NAPL removal
had started to decrease from peak and that the initiation of the pressure cycling increased NAPL
recovery. Please nofe that the pressure cycling did inciude continued steam injection and
flushing betwesn injection and extraction wells, just at a lower rate than before. Initiating
depressurization was afso done o minimize the migration of steam outside of the TTZ
Complete pressure cycling by shutting off the steam injection fully was not initiated in the CZ,

UWBZ and LSZ untii 11 November 2015, 14 October 2015 and 25 September 2015
respectively.
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Responses to EPA email dated 10 November 2015
Transition Criteria

October BCT Presentation Slide 31
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The criteria in the RD/RAWP stating that “the process is repeated . . .until no additional
significant increases in effluent vapor phase concentrations occur when steam pressure
is reduced” has not been met.

Response: Pressure cycling is continuing. The effect on vapor concentration during a
depressurization cycle in a single zone is at Isast partially masked by pressurization in other
zones. Baseline vapor VOC coniributions from outside the TTZ may also be masking the effects
of pressure cycling. The team is coordinated pressurization/depressurizalion over all three
zones to better svaluate the influence of pressure cycling on vapor concentrations. The first
coordinated deprassurization event begun on 28 December 2015 did not show a significant
increase in vapor concenirations.
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Responses to EPA email dated 10 November 2015
Transition Criteria

V. Criteria for Boiling Temperatures

Final RD/RAWP (May 2014): Table 4-2: SEE to EBR Transition Criteria:
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Responses to EPA email dated 10 November 2015
Transition Criteria

October BCT Presentation Slide 31
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Figure 6. Average 5ol Temperatures

Analysis: According to siide 20 from Oct 15, the target temperature for the CZ is ~ 100C,
which has ailmost been met. The target for the UWBZ is ~114C, which has almost been
met. The target for the LSZ is ~134C, which has not been met.

Page 13

ED_005025_00003524-00013



Responses to EPA email dated 10 November 2015
Transition Criteria

Response. The slide from the October 2015 BCT call includes averages of all operating and
refiable thermocouples within each TTZ at that time. As noted previously in the September BCT
call, the average in the LSZ includes thermocouples to a depth of approximately 245 ft bgs
{approximately the same depth as the bottom of the steam injection screens). Due fo buoyancy
effects, injected steam is not able to heat the lower portions of the injection interval and steam
temperatures have not been observed at 240 ft bgs and below in the TTZ, except at a faw
monitoring locations. Limited heating of the botiom of the TTZ was anficipated during the design
and is acceptable because the historical fow groundwaler table at the site of approximately 232
ft bgs limited the NAPL contamination to be primarily above 235 ft bgs. When only the
thermocouples in the LSZ above 235 ft bgs are considered, the average [SZ temperature is
approximately 10°C higher and as of the end of December just prior fo the latest
depressurization was approximately 122°C.

in addition to the effects of the lower thermocoupies on the average TTZ temperalures, the
failure of several Temperature Moniloring Points (TMPs) plays a role in lowering the avsrage
calculated temperature in each zone. TMPs have failed when liquids (groundwater, NAPL, and
condensed steam) have penefrated both the grout seal around the TMP casing and the
threaded joints of the TMP casing. Once a TMP has failed, it is removed from the average
temperature calculations and is only included again if successful repairs are implemented. In
general, there is a correlation between the progression of heafing and timing of the TMP
failures, indicating that the arrival of the steam front at the TMP usually coincides with the failure
of the TMP. As such, failed TMPs were typically at steam temperatures at the time of failure and
their removal from the average femperature calculations tends to lower the overall calculated
average. As a resull, calculated averags temperatures are biased low. To evaluale the average
temperature including the failed TMPs, average femperatures by zone using the maximum
lemperature achieved at each lemperature sensor focafion throughout the project wers
calculated. This average includses maximum temperatures recorded af the failed TMPs before
their failure. These averages are shown in the table below and demonsirate that target
freaiment femperatures have been achieved in all zones. In addition, steam breakthrough has
been achieved at all interior MPE wells where it was expected (sse summary fable).
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Responses to EPA email dated 10 November 2015

Transition Criteria

Temperature Monitoring Point Maximum Depth-Averaged
Temperature' (°C) During SEE Operations by Zone
Temperature LSz
Monitoring Point Ccz UWBZ LPZ Lsz {depths above
235 ft bgs)

TMPO1 N/A N/A N/A
TMPO3 1375 114.2 120.7
TMPO4 103.8 118.8 127.1
TMPO5 N/A N/A N/A
TMP06 137.4 135.0 135.9
TMPO7 134.6 137.2 140.2
TMPO8 136.6 131.3 135.4
TMPO9 1325 134.1 139.3
TMP11 107.7 119.1 131.7
TMP12 121.8 121.4 131.3
TMP13 130.6 137.3 138.5
T™MP14 133.6 1243 136.3
TMP15 128.7 126.5 135.6
TMP16 126.7 1204 131.0
TMP17 135.2 136.9 136.9

Maximum depth-
2 103.1 116.0 128.2 127.4 133.8
averaged by zone

If N/A, Temperature Monitoring Point has no sensors in that zone

“Temperature of the thermocouples across each depth zone are averaged tor each TMP and

each available time interval and then the maximum value of those averages throughout
operationsis listed in the table.

2 Average of maximum depth-averages listed above for all TMPs in each zone.
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Responses to EPA email dated 10 November 2015
Transition Criteria

Summary of Steam Breakthrough to MPE Wells

Steam Steam Steam
well Required to | Breakthrough well Required to |Breakthrough Well Required to | Breakthrough
Reach Achieved at Reach Achieved at Reach Achieved at
Well MPE Well MPE Well MPE
. Steam Temperature . Steam Temperature . Steam Temperature
Location Location Location
Temperature | Calculated Temperature | Calculated Temperature| Calculated
€207 | Perimeter No No UWBZO1|  Interior Yes \\\\Y\\\\\ 15201 Interior Yes \\\ \\\\
cz08 | Perimeter No No UWBZ02 | Interior Yes b 5702 interior Yes
€709 | Perimeter No UWBZ04 | Interior Yes S 7504 interior Yes
c710 | Perimeter No &\\\\\\\}\\\\\\\\ UWBZ05 | Interior Yes S 1sz0s Interior Yes
€711 Interior Yes ¥ i UwBz06 interior Yes o (s706 Interior Yes
c712 Perimeter No S UwBZ10 | Perimeter No S Ls708 Perimeter No
713 Perimeter No s UwBz17 | Perimeter No i Perimeter No
cz14 | Pperimeter No S ywez18 | Interior Yes \\\ 15712 Perimeter No

L - -ﬂ-
€715 Interior Yes \\ \\\\\ \ UWBZ1S | Perimeter No L5713 Interior Yes  Eiamia

Dual Phase -

Cz16 Perimeter No UWBZZO Perimeter No No LSZ14 Perimeter No
€717 | Perimeter No \\\\\ ] uwBz21 | outside UWBZ No No L5715 Interior Yes  himed
cz18 | Perimeter No UwBz22 | Perimeter No 15216 Interior Yes \\\\%\\\\\
€719 | Perimeter No UWBZ23 | Outside UWBZ No \\\\ N 15717 Perimeter No \ \\\ \
€720 | oOutside CZ No No Uwezas | Pu3! Phase - No No 15728 | Perimeter No
Perimeter
UWBZ26 | Outside UWBZ No No L5729 Perimeter No
UWBZ27 | Outside UWBZ No  Eiimwind 15730 Interior Yes
15731 Interior Yes
15732 interior Yes
L5733 Perimeter No
L5734 interior Yes
LSZ35 Perimeter No
LSZ36 Perimeter No
15737 Perimeter No \\\\\\\\\\\
15238 Perimeter No b
L5739 Perimeter No

| No |
15740 Interior Yes  Eiwmiaa
(5742 | Perimeter No  [iiiadiaaaad
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